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(54) Title: FLUORESCENT PROTEIN 
^ (54) »W0)€&: Jg^gGfl 

fS 

^ (57) Abstract: A novel fluorescent protein derived from favia favus, which fluorescent protein exhibits the following characteristics: 
^ (1) excitation maximum wavelength of 507 nm; (2) fluorescence maximum wavelength of 517 nra; (3) molar extinction coefficient 
^ at 482 nm of 80,000; (4) quantum yield of 0.68; and (5) pH sensitivity of fluorescence maximum being stable at pH=5 to 1 1 . 

0(57)g&: **M<DgWl*. (favia fevus) \Z&%t&s $T&£®3fcgafl£tlfl|-f h Z. t T? 

<S fc«o XtH^+^> -f V (favia fevus) g *OTU<Dft\i£1*1- il& 0 

/■S (1) ajeffi*8!fiA<507 nm-Cfe^ ; ( 2 ) £#S*#gA< 5 1 7 n m^fe* ; (3) 4 8 2 n mlCfcltS* 
^ JU«3te&S*<80000T?fc£ ; (4) **tt$#0. 68T?fcS; ( 5) &5teS*<& p H SSttA* p H = 5 ~ 
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mm* 

(favia favus) *^ff^^Se«Rt5^<D^Jffi^Hi-5 0 
?7?<D^?*VT • tf* h y T (Aequorea victoria) KlA3fe1:5»&&#» 

&s (gfp) « x ^«tc*5v^^<o^^i-5o 7i/yj»#*f&m 

AflWSSfefe J: W-a-afa (semi-rational) ^^&ft$&&fc£<5^T,-fe£&fb § 

Lfc * v> o fc G F P 3£ JWfrtffEK $ ftT v % 5» »e : m*.&;i&flfK: 
«£ 9 fiilO® & G F P ^O&ftM e st^a-a* $ *T , * ft b 03£m*5 £ 

ftfcJ;<«LfflSjh,5GFP«^flco-oiU-t.llfi»3teS6* (YFP) 
IffeftSo YFPI4, (Aequorea). GF 

Sr^-fo ^^©Y F P O e *3 «fc $> tt, -ttl^ 60, 000-100, OOOM^cnf 1 *5 £ 
t^0.6~0.8^fe«5 (Tsien, R. Y. (1998). Ann. Rev. Biochem. 67, 509-544), 

GFPagSffOffiKDW^b-C, S/T^Sc3fefie5t (CFP) «K E 
CFP (enhanced cyan fluorescent protein)i& s & bftTV^o <iV*rl>' 
? (Discoma sp. ) a»*>H:#fi&ftS&ft (R F P) t>^»$^T*5 0 , DasRed 
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- MJ -i&V&^TltibMt. £?)£<<Dfem?-<D? o^^y^MItfeS. 

#3&WH^ *#S**y.>fV (faviafavus) tefcfc-TS* «fftftSbfe«eft«r 

ymmm<D^mK^^xBW£^y^^-^m^rv. ^au***^ (favia 

W#fett:. fc&ftfc*^***^ (faviafavus) f*^0ft%S&9t«>£*4$ 

fiP^x JUtf^***-/^ (faviafavus) &&©TiE©#t£<£r 

(1) MiM^5 0 7nmtfc5; 

(2) f^jS^5 17nmffe5; 

(3) 4 8 2nmi^lt5^;V»»S8 0 0 0 OX&Z ; 

(4) i^WO. 6 

( 5 ) &?ffijz<D P IttRgtefl* p H= 5 ~ 1 1 X&fcXh 5 : 

( a ) @B^IJ## 1 fclBS© T 5: J ^SB^IJ ; XtfU 

(b ) m?m%- 1 ^ias©T ^ ^ies^u^^^-r 1 frb&mvr ^ y 
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( a ) i fciB^or ^ y wm*i xn, 

(b) m$m%- i \z.wmot ^ ;mmm\z&^x i frbwm<oT $;m<D&^ 

SgWT^/^B^fc^^^^y fit, 6 2il©7 5/Mtifc 

( a ) |B^iJ#-^ 1 K%m<V7 5 y ^la^J ; Xtt; 

( b ) eais-s- 1 tiat©7 ^ y 8iiB?ijfc*3^T i ^?>$ti@©7 5 y moktk. 

#B<£7^y@m^?&6y^^£^y*^^^ 1 2mn(DT$;wm 
stfcsn-Y^v^y 4 o^ewsyma^-efcsy^-y*/^ 

6 0#@©7^;lfSItfc5/^yl:77^^ 6 2#|©7^/gl 
^^fc57*/^7^^&t*^^ 1 1 9f !©7 5/^ISt'fe5f- 
oW.^*^?^!^-! 4 4#|©7$/®)l£-efc57'o V U ^tJl, 

1 9 7tl©7^MT'fo57/^y*o^^ N 198fl©7?; 

( a ) @B?!)#-t 1 fc|Et©7 ^ 7 m&f<\ ; Xtt, 

( b ) @a?ij#-5g- 1 KiiB*toT ^ y KKjum-aswr i bti©7 s; y wkdx^ 

t@©7$/i^Itfc5^ ^-v&^ynf^yfcu 4 o#s^T5:yiga 
St?fe6yf-^^^^y 6 0#B ©7 5 y V&77- 
6 2#g<D7^y^aS-efcS7^^7^^«rt:^^v ? ytJ: x 7 0#1 
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( a ) |H^iJ#-§- 1 tC|B«OT $ / ftBH ; Xte, 

( b ) E3W§- 1 l-IESOT 5 y mSB^JM&^-C 1 tb$m<DT $ J Wt<DX&, 
S^fc, 1 9 6SSOT$y^aS-Cfc5t^^^^$rn-r^^ % 19 8f| 

( a ) mm&% i ^ib«©t 5 / mssm ; xn. 

( b ) 1 uhb«©t ^ s mm\z&^x 1 bM©7 $ j wwx^ 

( a ) 1 fclB*W>7 5. J Wm\\* a- Ki"5 D N A ; Xtt, 

( b ) ga^iJ#-^ i fctett©T ^ y BffiKRIfcfcv vc i bti©7 5 y wuo&^ 

A : 

( a ) |B^J#^- 2 fc|B^<D^Sffi?!l ; Xtt> 
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(a) 3, 1 5, 1 7, 1 9X\*2 1\Z.f&ffi<DmM&m;Xft, 

( b ) SB?lJ#-i§- 13,15, 17, 1 9 Xte 2 1 \Z.W,m<Oi&Mmmz#^X 1 

<d $ h Km (omm t i & d n a * m-t s im**/* * * - 

*3§PJ <£> £ KSlJOllfl® fc: J;*U£, Green tf> b Red ^ ^ 

& vv&ft® es^^x, s^©E» i t-isg^T ^ / mm' 

t Sr^tP, Green 3&>b Red -^Mtt^ftK^&Tt 

fe^lJOffiOffitCitl/tf, Green Red-imft#&£fti$lt## 
T $ J mgm^lT 5 ^£ Sr&tN Green frh Red - £Mtt#;#ftte: 
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(2) ^«©^»#ifciBii©T5/ittaji*r^ri-5ft*«eit©i o*b 

( 3 ) &»oBmt i tciE^©T ^ / mm sr^r-r 5«*s&5t© i 2$i 

(e) sa^©aa^##iKiiB*©T^/»E?ij«r^r-r«**seH©7 o#a 

( 7 ) BB^OS^## 1 fclE*©7 5 y WBWfc#1-<5*#K6 Jt© 1 1 9 # 

(8) iB^moga?u#^ i fce«©7 $ y w^Sr^a'ScftgeK© 1 4 4# 

(9 ) miimom^m^- 1 s: ^®mm& G-tzmftm&mo 1 9 7 # 
do) iafli*©Eai## 1 fcBifc©T 5 ;wimmzG"t'z$kytm&'g<o 1 9 8 
*mm<Di*ic>\m<DWWte£*ift. sfctesastfc^-c, Tis©e&©?ip© 

< £ t> 1 £t±©7 5. / mU&Zft 5 £ t &*£tf* Green Red te£#«H& 
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(2) i^*©e?u##ifc:iBf&<D7$ y»R?asr^ri"S«t*aewo5 4#s 

(3) BW*©EW»*lfcB*©T$y»BW**r , >"**3fc*eR©6 9#@ 

(4) ■K^«©S^#*lK:©tt©T$/»E^J«r^rf-««*SeR©'8 7#@ 

(5) E^©Wfft^lfcB«07 5y«BM*^S*3fc«eJt©9 3#g 

( 6 ) iH?0^<D|B^J#-^ 1 £!Bii©7 5 / BfcS3?9Sr^r1-SS3feSeSo 1 0 9 # 
a^^1~57$/glfcoVNT^^=-V^©fi^; 

(7) Rft&a>R?d*#-l m|B«©T§ /»K?IISr*i-5«3taejt© 1 2 1# 

( 8 ) mmow&m* 1 rhb*j<&7 s / «R2fli«:^t ssctts 1 4 o # 

(9) KW©i^#*ifc««©T^/WB3Wfc*i*»**seeit©i 6 o# 

*%m<D% h\Z.m<Otim\C&frtt, Purple 3&*fe Blue^£&3te#&£ft!Stt# 
©7^7 ^tt&£?T 5 - t Sr-ttf , Purple b Blue 1 

( 1 ) mnmom^m^- 1 {-ib^© 7 ^ / mmn *^~tz> e w> 6 0 # g 

(2) B^*©K^#*lfcfB«©T5/BfeE^«rWi-««c3tegeW©6 2#g 

(3) ^*0B^*#ll^lB«i©7^/iiE?!ISr^rf"5*3teSeW«)6 3#g 

( 4 ) R2F!I*<Z>R2RI## 1 l-IE«©7 $ 7 «R?!ISrtri-5&3te« 1 9 6 # 
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( 5 ) mnm<Dm^m^ 1 raster ^ j msm^ir^ik%wuw<o 1 9 8 # 

mi It, &%m<D*#^*t (favia favus) (KkG) 

0 2t*. ^W^rtU^^'l'V (favia favus) ^<D^%WWS. (KkG) 
OpH##&&*Hv 
HI 3 1$ % T^/S&IB^Joifctfc (***f4^H^T^/^Sr^i-) Sr^o 
«lt(365nm)^j:S^^^ WM#&tf>^{b<Sr^1V 

A3:KikGR3fcTO^J;5M^-<^ hsWtm 

A4: KikGRftJIttfc£5lM^ Stft*^ b/W^b 

A£ : 365nmJ$£m A£ : 365nmJ$ltm 
B : HeLa»-etf>g§Si 

±3&»fcwic7i*Mii, i2i^ra#> 18«*IWI* 

475AF20/530DF35 exp lsec Dichroic mirror 430DCLP 
Xenon 75W ND 10%T X10 UplanFI NAO. 3 

A : KikGR^^^gOtl^ B:KikGR$&ffljft<DHfe 
C : Kaede%ytm<Djm D:Kaede3§5M&£>®& 
Green 475AF20/530DF35 exp 50ms 
Red 550DF30/575ALP exp 100ms 
Violet 400DF10 exp 100ms 
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Dicroic mirror : 430DCLP 

Xenon75W ND10%T 
Bin4 CoolSNAP HQ 
X40 UApo340/NAl. 35 

(Gratingtf>2#cft£.$»< tf) 

0 8 ft,KBL2tf>^&#<DSbjg- b/V$r^-r(GratingO2»^tf) 0 
« (***) 

*BKOf Jlfiiet ft, (favia favus) £&tf>t><D-T?& 9 % 

(1) ®jBffi*ift£# 5 0 7nm-Cfe5 ; . 

( 2 ) Sfc3fe«*«ft3» 5 1 7 n mtfc5 ; 

(3) 4 8 2nml21*5(t5*/HR5fe^^8 0 0 OOtfc5 ; 

(4) IflR^O. 6 8-Cfe^ ; 

( 5 ) %ftm*<D P HJflSteJ&S P H= 5 ~ 1 1 -e^^-efc 3 : 
^#^=¥^^-fV (faviafavus) ft, JWJ&»4blTO&*l*#f- V=*aOPI** ^ 

tarr 5 f- y <o 1 ® -e & s . 

*3§K<D3£ft^&»W:> OT©3fclfe0!l'C*1il t) , mmWz&&& 5 0 7 n m 
*3ft**»*#5 1 7 nmT*&5 0 4 8 2nmm5 : E/H3fc 

ffifttt 8 o o o o -efe «? , o . 6 8-e$>5. */vfflbte«*r±£3te#* 

1 ^/vfcfcD Oft^oKJfcft&igU ft^JRspttRJRUfeJfcT-o^^W-Sr^* 
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( a ) ih^ij## i khb*<&t % ; imn ; 

lj>6»2 0fi, ^U<ftU^lOi^ J;9»*t<ttli»fe7fi, 

•tf*<r— SrRfl-U ; etvb^V>T^#^=¥^^^fv' (faviafavus) gl3fc©cDN 

A7-f^7y-^^^UTPCR^5^tl-<J:l3> **w©«»«e*sr^ 
-Ki-5DNASrJS#i"«^i:#T?#S. *38W©«t*fieR*3- Kt«DN 
A©— €U<o»f>i**±EbfcP CRlc J: ffcKLfcDNABrtf&Ji 

t5DNA?r#5 r. £ 5o -©DN A£iIS fc36S3Rfc*Ai"3 - 1 (c«t 
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(2) $§jgDNA 

(a) BW»-9-lfc»|fc©T$y»B?!ISr3-Ki-«DNA ;XJ4x 

(b) wmtti kjbrot 5 y B&ffiaHc&vvr i a>e>gaa©T $ /s*©*$c, 

1*5DNA 0 

tb^ODNAjftS^rffeW. 

( a ) gBJiJ#-J§- 2 MB&0lltiBm*1rr* DNA ; 

(b) mm^2\z.m^(omMmm^^x ii>^mm<om&(o^ mMRT* 
si, #&fty?^-&Ev^#!M?~- mmmi& (pcr) ^io-csBt 

•fan ^W©DNAXtt*©Wfji-©f^K*a6fcoVNTM: N *9§ffl 

l^#&tt£JMIi3&8u * KSrfflv^S PCR, gfUfc 

J: o t^I^f t5 dn A«t§ r i ^-et 5, r <D<fc ? ^ogf fi, 

Molecular Cloning: A laboratory Mannual, 2 nd Ed. , Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. ,1989 % 3fet^(c: Current Protocols in 
Molecular Biology, Supplement 1~38, John Wiley & Sons (1987-1997) ^|B^ 
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(3) assw ©*&»&*/* 

#Jfc8©DNAtt»MSft'<* *-*\zM ALX&mi-Z Z. b&X% 5. #3693 

*5VvC#3&9i©DNAHu ft*lClS«ftR* (fll*.^ ^tftffi 

^ • -7 ;V b x =■ 7 ^ • T ^ 7— ifiSfs-T" (Bacillusstearothermophilus 
maltogenic amylase gene), /^/V* • ») ^r-Jfc/l'S * a T^-ifit^F- 
(Bacillus licheniformis alpha-amylase gene), /^/V* • 7 %V V *"'77fa 
• BAN T 5 7 ~^3frl5-^ (Bacillus amyloliquefaciens BAN amylase gene), 
/^/V* • y-zff-V * ' T/V* y 7° n xT — -^^^^ (Bacillus Subtilis 
alkaline protease gene) U < tt^fW* • • ^^O^^Ifi^ 

(Bacillus pumilus xylosldase gene)©^*— *fcft7r*-^ • ?A$f© 
P B ^L<l4P L ^o^-^> *B§0© lac, trp3gL<f*tac:/u^~*fcif3S 

T-i (pi^pf-*^^*^) tfett7fy?W2±^ 
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^iOTIR^^Vf-Sa^J^J^fiTT*/^^/^^ VA RNA <Sr = -K-f5fc 

Rrtg^1-5 D N AlB^J $rJMi Utti<>^ 0-#J iUH:SV40 (<f 

#-£LT{*, KaiiV^^-f (DHFR) £fcf*^/f-y 

A 7 31 ~ =1 * ^ f b < ft t ^ a -v ^ V V <D X 0 ItWMWSe&fcFf- 
$^©DNA, ^n*— ■&£TM^\Z£ V ^-5^>-^*3J;T^/*fc^ 

(4) ^g|02Mffi^fe 
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m\MMB<DMtVX^ HEK2 9 3ia HeLaIR COSMx B 

SftflJW^lf 08*.fi£ % f-y* PV^ft^ • -fe Wt*^3c(Saccharomyces 

cerevislae)^fcf$^5>#n-W-fe* • ^W-^U ( S accharomyces kluyveri)^ 

^tt§, . . .. 

T?#<5 (fjx.fi> Baculovirus Expression Vectors, A Laboratory Manual ; RXf 
# h h • 'f % y • ^-W^a 7"- • to v 5 "-, Bio/Technology, 
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6, 47(l988)«Hlia*) 0 

(Autographa californica nuclear polyhedrosis virus)^£:fljV^5 Jl t 5 C 
BASfliat LTte, Spodoptera frugiperda toffJKffllg'CfeS Sf 9,'Sf 2 

-^naT/K a -.i/ff.7!i-7y-7y K-Jfrf'^ — Cir. H. Freeman 

and Company) „ — a. — 3—;? (New York) % (1992)], Trichoplusia ni tf>#F8yfflJ& 
T'fcSHiF i veWVlfhnv?xy|t||)f»5riiS-Ct5o 

©fc^****-?**!-*-*. »K*5!fefr©«fil»*»fe^ *3SW©»3te»^«&W 
&¥ltltf»®H-5fctt> jimogeSO^Ht, »3WfeSrffiv^«J;v\ 

-7|0^^lWt^nvl>^77^^ S-SepharoseFF(7 
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WXh^\ 

&WC N ^^bODNA»f^*)«K:jt^^a^^^^?)^-r5ii: 
FfM0l!l!#m^&!R^3-Ki-5DNA$r#§ilt^^5 0 iWD 

Kft&tottm&K. ^^f^^^t/v mwf fort's n=> 
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T?f^ TpNEOJ (P. Southern, and P. Berg (1982) J. HOI. Appl. Genet. 
1:327 ) , T pCAGGS J ( H. Niwa, K. Yamamura, and J.Miyazaki. Gene 
108,193-200(1991) ), r p Rc/CMVj (-Y > fcf h d ff >#M) s r p CDM8j (^VlfbP 
f?>tiM) ^aWl'** -ett, r p RS303j, r p RS304j, r p RS305j, r p RS306J, 

TpRS313j , r p RS314j , T P RS315J , [pRS316] (R. S. Sikorski and P. Hieter (1989) 
Genetics 122: 19-27) „ TpRS423j , r p RS424j , TpRS425j , TpRS426j 

(T. W. Christianson, R. S. Sikorski, M. Dante, J.ILShero, and P. Hieter (1992) 
Gene 110: 119-122) & ZtmMKm^bthZo 

tit, &m^mftmm<Dmmhmzmfeisti-r. Gmnmmmm* n*.t£, l 

BalbC-3T3 4MU NIH3T3 Mlfo, CH0 (Chinese hamster ovary) $BJfe, HeLajjffi 
NRK (normal rat kidney) flffljtf3 x TSaccharomyces cerevisiaej t£¥<Dl&Mifl\1& 

ttjm (b. con) MJfotz zzmm-r % z. t&~e% s 0 * -omimi&^o 

#A&> M*-t£, V ^m* friz UP hn^wj/ 3 >mi*Z<D%mK 
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te*?winz ^mtvx^m-r s z.\l#x* 

vh 09) ^MfeftWrgfll (ATTO /W ^ *— v*T ~f~y^( if — ) fc£«rJBv*T 

*&W<D%tftm&W<0&&> ®i£3fc4 90~510nm, t*510~530n 
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(6) imw<D*y h 

( 1 ) total RNA (DttW 

V (/aria faras) Srfl^fc. ^^S'Sy^v— T?8ft$ % Sfi* 11 
fc" TRIzol" (GIBCO BRL) £ 15 ml M fLXMW U > 1500 X g t? 10 bfc Q 
Jh^{^nn*/W*3ml£<:b;ts 15#fWS#Lfc^3#W^ Wt 0 7500 Xg 
-C15^-M5i'L>Ufco ±fl|fc4y:/n/V— /V3.76ml 15$>IW3*#L 
10^-ra^*UfCo 17000XgT? 10#M3tfrLfc, ±1t«rfcT 70%^*/-/V 
£ 6 ml *P^T 17000 Xg T? 10 #RBSfcLfc„ ±fll*»*CtfclRSr DEPC * 200 1 
T**§fl¥ UfCoDEPC 7kX*Wffi Lfc total RNA % 100 ffiHCfcfc LT 0. D. 260 t 0. D. 280 
©It&aS^UTm&g&iHSoft., 20Mg<^ total RNA£#fc 0 
(2) First strand cDNA0>£-j£ 
total RNA 3 ju g L N First strand cDNA (D^fo^y Y" Ready To 

Go" (Amershara Pharmacia) £ t) cDNA(33 m 1) 
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( 3 ) Degenerated PCR 

First strand cDNA(33/z 1) <D 9 h,Zn 1 t UT PCR &?To fc„ 

5' - GGI WSB GTI AAY GGV CAY DAN TT -3' (Primer 1) GB?0##3) 
5' - AACTGGAAGAATTCGCGGCCGCAGGAA -3' (Primer 2) (|B^J#-^4) 
R=AXI*G, Y=CXf*T, V=A,CXttG, D=A, G Jtft T 

PCRRf&»jfc 

]> (first strand cDNA) 3 m 1 



X10 taq /<»77 fc - 5 * il 

2. 5 mM dNTPs 4/tl 

100 /zM primer! 1m 1 

IOOjuM primer2 1m 1 

^!JQ 35m 1 

taq polymerase (5U/ m 1) 1 /* 1 
PCRKJ&&# 
94*C 1 min(PAD) 
94*C 30 sec (^t£) 



52*C 30 sec (^SKOT'y^-OT-- U V?) 
72<C 1 min (y^^Hfcfi) 
72X: 7 min 

-mn<» pcr fitcnmm iui^^u-htvx,hv-mm 

tM&#-CPCR«rfTofc. fcfdU 4fcJB^?>f-*-B\ 

5' - TGC CWT TTG CIT TIG AYA TIT TG -3' (Primer 3) (B?U##5) 

5' - GTC ITC TTY TGC ACI ACI GGI CCA TYD GVA GGA AA -3' (Primer 4) (BE 
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TUxi-*?frmfm®'Z, ^$*ifc*:t3©350 bp^VKSrUOSWU 

(4) ^y^n-sy^atwiuttawoarft 

Jfti{LfcDNA»f>T-^rpT7-bluevector(Novagen)fc7^^— VLfc 0 
W (TGI) S^bVUT^^-*^ HsW^5/aV?SrffV\ 

^VNan^-CD^Jl^it) plasmid DNA&JfiMttbT* #A£ftfc DNA KrtfO&g 
BBfllfc DNA ^^^f— t) ifefcUt. #fe^fc*6SK?U*to<o«3tse«: 

BfLfc. ^3teSe*^©-a5T?fc5t^Wfbfct).©»!:ilL-C, 5' -RACE ^ jo £. 
3' HtoGEfcfc£5fc£HH^©**-^'^*f^fco 

(5) 5' -RACE ife 

Degenerated PCR -C#fe;ftfc DNA Bf^O 5' «©^K^«r8:Jfe-t-5fc«>te " 
5 ' -RACE System for Rapid Ampl if ication of cDNA Ends, Version 2. 0 (GIBCO BRL) 
^TffiVNX, 5' -RACBifcfcfrofc. «@feUtl) T-pSbfc total RNA £ 3 jug 

DC-tailed cDNAO—0.gOli*i^ft . 
5' -GGCCACGCGTCGACTAGTACGGGI IGGGI IGGGI IG-3 ' (Primer 5) (|S^J#-§-7) 
5' - TTG TCA AGA TAT CGA AAG CGA ACG GCA GAG -3* (Primer 6) 0Sfl|## 8 ) 

5' -GGCCACGCGTCGACTAGTAC-3 ' (ia^J#-^9) 

5' -GTC CAC CCT CTA CGA CTT TGA GTT CCA TAT -3' (|B?>J##1 0) 

y#pt y/V«^ftT?,*|ii$^c700 bp <D/*V K&§) 9 ft Uttffcbfc. 
Jft®SLfcDNA»T>t^pT7-bluevector(Novagen)^7-Yy-^3 VLfc, *fl§0£fc 
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(TGI) ■{chvl'Xy*— ^-^aVUT^-*^ Mr l^S/a ^fcfrV\ 6 
VNzia^-O^fligJ: 0 plasmid DNA £HtS}L-C, }f A£ftfc DNA Wftf©iftgK 

(6) ^mssB^j^^ xvwuwse^ 

(5) fc£»)#e>*LfcS6© N ^fctt^SfR^^/^^-STflsSU C 
*«ilit!)^dT^v-OTUtx (2) TfUMftLfc. First strand cDNA 
£ VX PCR &frofc 0 

5* - CCC GGA TCC GAT GAG TGT GAT TAC AWC AGA AAT GAA GAT GGA GC -3' 

(Primer7) (E5!l## 1 1 ) 

PCR 

T^T"!/— h (first strand cDNA) 3 m 1 



X10 pyrobest ^^77- 5/il 

2.5 mM dNTPs 4^1 

100 juM primer 7 . 1^1 

lOOjutt =f dT7"9>f ' 

5 y q 35 m 1 

pyrobest polymerase (5U/ jul) 1 m 1 

94*0 1 min(PAD) 
94<C 30 sec (^14) 



52*0 30 sec 

72*C 1 min (7°7^-7- #S) 

±IB 3 *^ y 30 *M ? Mf o fc, 

72<C 7 min 
4<C . 

7#p~*^/V<Dtt^&ftT% Jt#S$tt^900bpO/<^K^»)mU SfSSl 
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LT pRSET vector (Invitrogen) <D Bamll I , EcdR I &$L\Cfy-f 9 v^—ls? LT % 

Kmmw. (jmio9-de3) t&mZ'&tco iztc-??*^ k*@iru, ffiA&titc±m. 

6 H: N His-tag < J: 5 K =» ^ b 7 * h Lfctf>-C3§glg & »± 

Ni-Agarosegel(QIAGEN)Tif$&Lfc 0 ttSO^ifcttttJR©:^ h *-MZ.&Kfc 0 

(7) ft*»tt©«Wf 

iO/iMMSe (KkG) (OPBS^SrffiV^-ClRlUt^^^ f^SU&lt 

fefetK 450nmH:*5W5!»JDl35S 0.005 fcfcS £ 5 Kl&ftg6&±lB©iBHffiR*C*r 
.?5U,450MitiiSUI|©»^ h;^l5lLfc(| 1 ) o EGFP(CL0NTECH) 

EGFP ©ft^-JR** 0.6 t LT##W©fi6ffc&»Jfc*&*«>fc. ***** 1 



*1 







mm* 










1 KkG 


507nm 


517nm 


80000 (482nm) 


0.68 
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(8) pH«Stt©t»5£ 

#pH<D«i£l*ft<DSI»9. 
pH4, 5 : W8L*y7T — 
pH6 : MES/<y7T — 

pH7 : MOPS /^y~7T"~ 

pH8 : HEPES^y7r~ 
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pH9, 10 : ^jVy/<y77- 
pHll : !J^S'77 k - 

PH bfclfc*&0 2 fc^t. 

(1) Green Red ~> JH»»#M^aS^Tf 
Green Red ^&|^imiW#«#WlC^^#3teV^«ejt KkG © 

62 # B (D) fcfc**-^ (H) icfflfe-rs^fcHiiO, Sc*S 

KkG Green h Red 3teR8W.##WfcSEiftT? % 

(KKH) (KKH ©75/ B®^I'SrB^I## 1 2 U fiSBB5!l*ffi^J## 13^ 
^i-) ^kttft«fls*N5r.fc#ffl*fc (0 3, 04), H4A2©fcWtt#IR«' 
*<0RedO«***O»»©ftJR (583nm) OiHHSl^t. «*SeKKkGO40 
M©*^*--^ (M) (V) fc, 62 *i.©7^X?*Vt (D) 

f-^y (h) i98#e©>fyc^^^ (i) fc^a-^s'-ao 

^*Dft*«iG^en3&»feRed^fc*E»0E#ttfe^*«**a6* (KKH) £ 
9 t>#J8gtt©ifi5V\ av>*^*WttSr Green Red -^^SEifeT?* 

(H8PV) (H8PV ©TS/ftHKRI&BJW-frl &£MB?iJ£r 
IE?lJ#-J§- 1 5 fc^-f) ^"TSClt^W^ (I213)o 
3bfcS6RKkG© 10#g©^*-=y (M) SM'yni'^ (I) fc\ 12#S 

on-f^ (D (v) ^ 40#g©^^~^ 00 (v) fc, 

60#BO/<y^ (V) ^77^^ (A) fc, 62#B©T^^-9^V» (D) &fc* 
(H) fc, 119#@©^ni/^ (Y) fcT*^?**' (N) IC, 144#g©^ 
nyy (P) ^r-fey^ (S) fc, 197#@©T/V^^^ (R) £o^^ (L) 
198#@©>fyn^^y (I) ^7*55/ 00 ^E^-r^^fcl-i 9**fl*tt 
* Green Red JfelMtWttfcTf* (H8PV) J:9t>%JBStt 

©i«V\ av^T?*3te«Hfe* Green 36>fe Red ^.fcagJfe-C*5*3teSeK 
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(H38PVLM) (H38PVLM ©7 5 J WmW^M^^ 6 Kl^U &SgB?IJ£IB?IJ# 

#17 ic^-r) r t tfm&tc m 3 ), 

SfcftHBITKkG© 10 SB©^^*-^ (M) ^-fyo^ixv (I) fc % 40 #g 
O^fjj-sy 00 ^r/'W fc, 60 #S©Ayv (V) Ir77^ (A) 
62#B©7*'<?arV» (D) (H) III, 70#S©y^V (K) 

;V?*l/m. (E) fc> 119#g©^n^ (Y) %T*'*7*?f (N) fcl, 197#g 
(OT)V^^y (R) (Q) K\ 198#gCM'yp-fS<'>' (I) Sr^^ 

= V (M) Km&-fZ> Z.kfcZV Green b Red ^ £ 3teflM*ft#8jK:-e 

(H38PVLM) J; 9 t>3tetfgte©i*v\ o£«?> ^V^T^^tt^r 
Green Red ^g&^tSSbfegaS (KikGR) (KikGR ©T =• /mffi^JSrlB 

ws# 1 8 i^u &mm*wffi&% 1 9 ic^-r) r. t tw&tc (is s * 

14), 

A 4 ft Green <D&% (517nm) %»og5^0!»JR (507nm) jPftffMttil 
£0*fe*fc*il>U Red ©^ft (593nm) «r«[0«U^©!ftJR (583nm) #fc*fc:fl! 
JlPUfc^^^-fo 1P*>. Green Red ^kft*^**IW*4lE#Wfc«tft"^ 
■# ftV^«©**«e«^ KkG © 62 # S letter S T / SkJWfrttfcWS&feffl 

fc7&fc*t*5 3o©T5/^XYG (ig3.©T**y mftfoj^t, 

^HtJ:^ Green frb Red ^ 

(h) tlltfctron, tf*©«3teH6«-eKkG©io#B^ 
tt^-t-sr^yift^y^ (v) t-> ^E©^seK-cKkG©4o#g^t@^-r 

;tSr77 = y (A) fc, ^«©m3te«a*t?KkG©70#B^fflSi"5r^/ltt 
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(S) t % ftSc©^*ge«T?KkG©197#BlzittS-rST5yife«rn>f 
^ (L) (Q) K> tE#©«t3feffe«*CKkG©198#gteffia 

fc^tf - £K «fc 9 , &3fcMfe£r Green 3&»b Red ^ tftj»flt#l$«t&-et 5& 

Green Red 5t*ief«t5 £ fc#ffl*3. 

Green Red ^fc£3te^&#J8###ttfc3^S StbtegSK Kaede £ 
KikGR Sr^ClWS-eiSSlS^ltlW:* t KikGR Green <Z>fc # t>, #JS*t«H£ 

t>f£ft§&^«V>;L t £ tl/fc (0 5 A) o Kaede KikGR (D^B^ HeLa 
»l!liX«H5 t > KikGR <D\% 5 2 s Kaede <fc 9 3bfc£3§ Ufc (HI 

5B).*fc,HeUfflJfi-T*#^£*fc. KikGR t Kaede *%mtft\Z. & U *BI&rt"T? Green 
Red |C»»»ttW'fb**fcfc** KikGR « Kaede lOft^T*! b2^3t< 
Green ^fe Red -0^3te#tt^^^ s ^$^ lo, 1k%m6C»&^Z. 1 
£tWfc (®6A, B, C, D) 0 0*«5, Kaede KikGR ^ /m@B?U£Jfct£bfc£ 
T5/»35S3*oXVN««U^ttKikGR iiaiCT$/»flKfeK:J:9, Green 2> 

e> Red Knft®m%$mir5m&&±.& t> * J-o, »3teaift^»< ftsii^* 

S"t*aT$y»Srt^^^ (H) fc«feLfct>0fc* ^<Z>^3fege®-e KkG 
©64#BlcftS-r<5T§y»Sr7ai=/i'T7->' (F) fc^ ffiRO«*«eit"C 
KkG©69#BI^S«T$/»«r/<!Ji<' (V) t> KkG <D 

87mn\z.mmirzT%;m* c ?v> oo &K*<?KkG© 93 # 
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^^•r5T5y^$r^y V (v) ttSo*3fege5tt?KkG©i60#Bfcffi^i- 
57 5 U ^ (V) teT$;M&tZ5*><D<Ririfa<D7 5.;&W&&Gtt 

(2) Purpled Blue ^fcftJfcWttr* UMMbRXMlt) J»»«#ttfcSEift 

Purple ^fe Blue ^k**^«r3te«Rlrtk»Wfc**-C#ftV^*«eft KkG 
©60#g^y>- (V) §:77 = y (A) fc % 62#B©7*/^3 J V& (D) 
Vi/ls (G) Rl, 63f|-©foVy (Y) &KXiri?f (H) IC, 197#g©fc^^ 
i?Z/ (H) Sro-f^V (L) fc, 199 mn<DJ WJi/y (I) & (T) 
M^-r5-^l-<t t), KkG ©f)t#ttl: Purple (380nm) d^bBlue 

(450nm) ~ t »tt&#ft £ £ MS (Kbl2) ^tttl^fttS 

£ (Kbl2 ©75; SMERI«rKai## 2 0 U &£S?U &£8I#* 

2 1l^f) (03, 07, H8, 19), o£?K ^A©«5fcSeR"CKk6 tf> 60 
f|Mt57^yf^77-V (A) fc, ftS©^3teSeS-CKkG©62#| 
Klffia-t-5T5yBIS:^y^V (G) \C, te£<D3bfcS&ST?KkG©63#Bfc:*B 
S1-5T$y»^k^^V (H) t£ x ft*©«*aje*"eKkG«0 196#Bl!l4BS 
t57§;»&B^^ (L) fc, ^jtt©ft3teSe5tt?KkG© l98#afcttS1-5 
T 5 / ^£ h v (T) fcW&ta £ t Ki. V , WIBT ^ y ^E&OtfT 
*U&»fc'£tf - £ J: o-CS*Wtt* Purple Blue ^«j$tt##&«&"C 

*&WK&*). *4U***>f5' (faviafavus) f*J3fe®$r&fcibfeg6«aSfi 
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1. Xtf^^ttJl*' (favia favus) &&<PTfE<D#tt&:fr-f-5mftM6St, 

( 1 ) m&Bkk&&# 5 0 7 nmffc5 ; 

(2) f«tli 5 5 1 7nmtW ; 

( 3 ) 4 8 2 n mfcfcfr 8 00 00tfc5 ; 

(4) i^-WO. 6 

(5) S3feli*©pH*Stt#pH=5'-i l-C££T-&5 : 

( a ) ia?ij#^- 1 tnflB«©T 5 y kebi ; x«u 

(b) fm^i KWMvt 5 y BBBWfci^T l ^f>M©7 5 ^^©^ 

dp t teem ufcT ^ y maffl&#rz e® 0 

( a ) 1 t!l|B*© T ^ J 8feIB?« ; Xtt* 

m&xv/xfrWm r s y msa^J^r^r u »***i-«T $ y &k$i : 

4. KT©MtiA^7 5 ySIIB^Jfc*5V>T4 Of@©7^SSItfc5^ 

i98fi ®7 $ y yp^vy^ ftsyti^ftr 

( a ) ia^Jii^ i icia^oT ^ y ^ia^J ; xi*> 

( b ) m&m% i »cib«©t ^ y she^hc^t i ^ s>#«©t $ swtox^ 
m^tf/xttf^fc^srsya^fctfu ^^^-r^T^ymsa^J : 

5. kto»ot^IEW n ti ofio7 5;^S-efe5^ 
ftsywyp-f^, i 2#@ ©7$ ;iastfc5 p-< i/y ^ u yt, 
4 o#B©T$y»a£ , T?fc5*^*=3'&'*9 ^ 6 otB^^M 
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4#B©r^ysiasst?*)<5^ , n y vsr-ty i 9 7&n<o7 
( b ) sa?ij#-^ i ra^r ^ ; ymn\c&^x i a> s>m<dt $ y t©^, 

iT*fc57^^7^t?rt^^y^ 7 o#g^r$ y«£T*fe§ y $>v 
(b ) mm^ i 1!iib«ot ^ y mia^^t i frb&mor $ y mok^ 

6 3#S©T5/^&T*fc5^n^£fc*^i^^ 1 9 6#@£>T^y^ 
aitfeSt^f^/^P^Vyd, 1 9 8#l<D7^Mffe5'fya'l' 

( b ) i Kmm^T 5 y miB^jtc jsv^r i frbwrnnr s y SB©**, 
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8 . »3fc>g li*t>7 <DtttlfrK'fc®<D g 6fJ & a *- K"T 3 D N A. 
9 . fiJIT <Dffitlfr<0 DNA 0 

( a ) mm** i kwm.(ot % j ymn* =»- k-ts d n a ; 3m, 

A : 

1 0 . IskTtoffiini ^<om.WSM ^ft5DNA„ 

( a ) 2 ^is^o^se^j *, x\t s 

11. J»TO^* i ^3BE5!ISr 3 firi"*DNA. 

(a) E^J##13> 15, 17, 1 9X1*2 im|fflR©*ft»W ; Xtt, 

( b ) m&m-% 13, 15, 17, 1 9 Xft 2 1 tCBBtt©*aSS^I^*5V>T 1 

1 2. if^«8^^» 1 l©^r^MC|B«WDNA^i-5m^^^^-c 
13.. |»*3S 8 ^ h 1 1 O3flT*U&»K:BfflR0>I? N AXtitt** 1 2 fcSBftOfi, 

1 5 iciBifeosfe^^eSo 

1 7 . 14^16 ©{iJtl/* s fcfB««)ift^'*3tS&ft«raj&rttf|S5 
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****** K 

1 9 . Green j5»6> Red - k **Wt«:*IB"lt«#«K:««-C# ftl***M 

Green Red ^fc*lMtWttfc«ifcTf * ****e«*»t*"S**- 

2 0. Green** 6 ted^b&*®&*ftmmmz.&&V%*^&ft&& 
Rfc^T, T1B©«&*> 5 fcfc 1#±©T5 /KS&fcfi^ £k«r 
■gftr. Green *>> > Red ^t%mm^^^ **.*« 6 ft** 

(5) mmmomm&^i\m®oT$;mimmi-z%m&wo6omn 
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(9) wmojm**lKW*<DT$/mm*tt*1k%M*K<Ol9 7# 

(10) i^©BW**lfcKit©T5/iW?ll«r*i-*«*«6K©l 9 8 

^S&Srfi 1 ? - t Green fab Red te£ft«H4&«&-*-*3«&#±a* 9 * 

(1) E^oiB^##iK:|B«©r$y«ia^*^rr5*3te»e*©6 2#g 

( 2 ) ia^j^oga^J## i icwfeor ^ /«s^i«r^rr« atates-est© 5 4 # g 

( 3 ) mm&<Dwm% 1 fciasor $ / mmm*m~rz>nftm&m<o e 9 # g 

(4) BJ0«©B?!l»* 1 fcf«fW>T 5 /«KWfe*i-a**«6K© 8 7#g 

(5) |B^©^#^l^»*©T$y»fB99«r^i-5*3feSe«0 9 3#g 

(6) ia^©@B^J#^ 1 fciB«07 3; /«B5WSr*i-*«3fc«e*© 1 0 9# 

(7) ^^©BW«*lfclB«©T5>SMKW*« s t-*«t*Keft©l 2 1# 

(8) KW«©WW#* 1 WE*©7 5: /WBaifctfl-SlBteMft© l 4 OS 

(9) BB^0K^J#^ll-IB^©T^/SII^Sr^«^®&K01 6 0# 
2 2. Puiple^bBli»^fc«*^«r*lM*^»fc«*T?*ftV^» 



33 



WO 2004/111236 PCT/JP2004/008790 

% gftflftfc Purple Blue ^fc*l«WW»&K«Jfc-Ct 

(2) b^om*i ei«oT5 / w5«ms«*ie*o« 2 « 
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SEQUENCE LISTING 
<110> RIKEN 

<120> Fluorescent protein 

<130> A41348A 

<160> 21 

<210> 1 

<211> 227 

<212> PRT 

<213> favia favus 

<400> 1 

Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Leu Met Glu Gly 

1.5 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly lie Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe Asp Tyr Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 96 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 HO 

Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

1/22 
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130 135 140 

Ser Thr Glu Lys Met Tyr Yal Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

' 165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Arg He Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 2 
<211> 684 
<212> DNA 
<213> favia favus 
<400> 2 

atg agt gtg att aca tea gaa atg aag atg gag ctg ctt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Leu Met Glu Gly 

1 5 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cct ttc gag gga ata cag aat atg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 
35 40 45 
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cct ctt cct ttt get ttc gat ate ctg aca aca gta ttc gat tac ggc 192 
Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe Asp Tyr Gly 

50 55 60 

aac egg gta ttt gtc aaa tac cca gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

cag teg ttt cct gag ggt tat tct tgg gaa cga age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 96 

gac ggg gga att tgc etc gec aca aac aat ata acg atg aag aaa gac 336 
Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 HO 

ggc age aac tgt ttt gtc tat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

cct gec aat ggt cca gtt atg cag agg aag acc gtc aaa tgg gag cca 432 
Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

tec act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

aac atg get ctg ttg ctt caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 
180 185 190 
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ttc gtg gat cat cga att gag ata aca age cat gac aag gat tac aac 624 
Phe Val Asp His Arg He Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get cat tec ggg ctg cca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

ctg gee aag taa 684 
Leu Ala Lys 
225 

<210> 3 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence'- Synthetic DNA 
<400> 3 

ggiwsbgtia ayggvcayda ntt 23 
<210> 4 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 4 

aactggaaga attcgcggcc gcaggaa 27 
<210> 5 
<211> 23 
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<212> DNA' 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 5 

tgccwtttgc ittigayati ttg 23 
<210> 6 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 6 

gtcitcttyt gcaciacigg iccatydgva ggaaa 35 
<210> 7 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 7 

ggccacgcgt cgactagtac gggiigggii gggiig 36 
<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Synthetic DNA 
<400> 8 



<210> 9 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 9 

ggccacgcgt cgactagtac 20 
<210> 10 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 10 

gtccaccctc tacgactttg agttccatat 30 
<210> 11 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 11 

cccggatccg atgagtgtga ttacawcaga aatgaagatg gage 44 



ttgtcaagat ategaaageg aacggcagag 



30 
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<210> 12 
<211> 227 
<212> PRT 
<213> favia favus 
<400> 12 

Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

1 5 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 

35 40 '45 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe His Tyr Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 HO 

Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 
165 170 175 
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Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Arg He Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 13 
<211> 684 
<212> DNA 
<213> favia favus 
<400> 13 

atg agt gtg att aca tea gaa atg aag atg gag ctg cgt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

1 5 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt. ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cct ttc gag gga ata cag aat atg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

cct ctt cct ttt get ttc gat ate ctg aca aca gta ttc cat tac ggc 192 
Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe His Tyr Gly 

50 55 60 

aac egg gta ttt gtc aaa tac cca gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
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65 70 75 80 

cag teg ttt cct gag ggt tat tct tgg gaa cga age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

gac ggg gga att tgc etc gec aca aac aat ata acg atg aag aaa gac 336 
Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 HO 

ggc age aac tgt ttt gtc tat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

cct gec aat ggt cca gtt atg cag agg aag ace gtc aaa tgg gag cca 432 
Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

tec act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

aac atg get ctg ttg ctt caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat cat cga att gag ata aca age cat gac aag gat tac aac 624 
Phe Val Asp His Arg He Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get cat tec ggg ctg cca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 
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210 215 220 

ctg gcc aag taa 684 
Leu Ala Lys 
225 

<210> 14 
<211> 227 
<212> PRT 
<213> favia favus 
<400> 14 

Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

15 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

Pro Leu Pro Phe Ala Phe Asp lie Leu Thr Thr Val Phe His Tyr Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

. Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 
130 135 140 

10/22 



WO 2004/111236 PCT/JP2004/008790 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Arg Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 15 
<211> 684 
<212> DNA 
<213> favia favus 
<400> 15 

atg agt gtg att aca tea gaa atg aag atg gag ctg cgt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

15 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cct ttc gag gga ata cag aat gtg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

cct ctt cct ttt get ttc gat ate ctg aca aca gta ttc cat tac ggc 192 
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Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe His Tyr Gly 

50 55 60 

aac egg gta ttt gtc aaa tac cca gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu lie Val Asp Tyr Phe Lys 
65 70 75 80 

cag teg ttt cct gag ggt tat tct tgg gaa cga age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

gac ggg gga att tgc etc gec aca aac aat ata acg atg aag aaa gac 336 
Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 U0 

ggc age aac tgt ttt gtc tat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

cct gee aat ggt cca gtt atg cag agg aag ace gtc aaa tgg gag cca 432 
Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

tec act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

aac atg get ctg ttg ctt caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat cat cga atg gag ata aca age cat gac aag gat tac aac 624 
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Phe Val Asp His Arg Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get cat tec ggg ctg cca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

ctg gec aag taa 68 ^ 
Leu Ala Lys 
225 

<210> 16 
<211> 227 
<212> PRT 
<213> favia favus 
<400> 16 

Met Ser Val He Thr Ser Glu Met Lys He Glu Val Arg Met Glu Gly 

15 10 15 

' Ala Val Asn Gly His Lys Phe Val lie Thr Gly Lys Gly Ser Gly Gin 
20 25 30 

Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe His Tyr Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 
100 105 HO 
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Gly Ser Asn Cys Phe Val Asn Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Ser 

130 135 140 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Leu Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 17 
<211> 684 
<212> DNA 
<213> favia favus 
<400> 17 

atg agt gtg att aca tea gaa atg aag ate gag gtg cgt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys lie Glu Val Arg Met Glu Gly 

15 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly, Lys Gly Ser Gly Gin 
20 25 30 
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cct ttc gag gga ata cag aat gtg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly lie Gin Asn Val Asp Leu Thr Val lie Glu Gly Gly 

35 40 45 

cct ctt cct ttt get ttc gat ate ctg aca aca gca ttc cat tac ggc 192 
Pro Leu Pro Phe Ala Phe Asp lie Leu Thr Thr Ala Phe His Tyr Gly 

50 55 60 

aac egg gta ttt gtc aaa tac cca gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

cag teg ttt cct gag ggt tat tct tgg gaa cga age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

gac ggg gga att tgc etc gec aca aac aat ata acg atg aag aaa gac 336 
Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 HO 

ggc age aac tgt ttt gtc aat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Asn Glu lie Arg Phe Asp Gly Val Asn Phe 

115 120 125 

cct gec aat ggt cca gtt atg cag agg aag acc gtc aaa tgg gag tea 432 
Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Ser 

130 135 140 

tec act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

aac atg get ctg ttg ctt caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 
165 170 175 
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aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat cat eta atg gag ata aca age cat gac aag gat tac aac 624 
Phe Val Asp His Leu Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get cat tec ggg ctg cca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

ctg gee aag taa 684 
Leu Ala Lys 
225 

<210> 18 
<211> 227 
<212> PRT 
<213> favia favus 
<400> 18 

Met Ser Val He Thr Ser Glu Met Lys He Glu Leu Arg Met Glu Gly 

15 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe His Tyr Gly 

50 .55 60 

Asn Arg Val Phe Val Glu Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 
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Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 HO 

Gly Ser Asn Cys Phe Yal Asn Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Gin Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 19 
<211> 684 
<212> DNA 
<213> favia favus 
<400> 19 

atg agt gtg att aca tea gaa atg aag ate gag ctg cgt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys He Glu Leu Arg Met Glu Gly 
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1 5 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cct ttc gag gga ata cag aat gtg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

cct ctt cct ttt get ttc gat ate ctg aca aca gca ttc cat tac ggc 192 
Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe His Tyr Gly 

50 55 60 

aac egg gta ttt gtc gaa tac cca gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Glu Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

cag teg ttt cct gag ggt tat tct tgg gaa cga age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

gac ggg gga att tgc etc gee aca aac aat ata acg atg aag aaa gac 336 
Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

ggc age aac tgt ttt gtc aat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Asn Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

cct gee aat ggt cca gtt atg cag agg aag ace gtc aaa tgg gag cca 432 
Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

tec act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gta 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
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145 150 155 160 

aac atg get ctg ttg ctt caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat cat caa atg gag ata aca age cat gac aag gat tac aac 624 
Phe Val Asp His Gin Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get cat tec ggg ctg cca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

ctg gec aag taa 684 
Leu Ala Lys 
225 

<210> 20 
<211> 227 
<212> PRT 
<213> favia favus 
<400> 20 

Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

15 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 
35 40 45 
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Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe Gly His Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu lie Val Asp Tyr Phe Lys 
65 70 .75 80 

Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Xaa Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp Leu Arg Thr Glu He Thr Ser His Asp Lys Asp Tyr Asn 

.195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 21 
<211> 684 
<212> DNA 
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<213> favia favus 
<400> 21 

atg agt gtg att aca tea gaa atg aag atg gag ctg cgt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

15 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cct ttc gag gga ata cag aat atg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

cct ctt cct ttt get ttc gat ate ctg aca aca gca ttc ggt cac ggc 192 
Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe Gly His Gly 

50 55 60 

aac egg gta ttt gtc aaa tac cca gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 ■ 75 80 

cag teg ttt cct gag ggt tat tct tgg gaa cga age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Xaa Tyr Glu 

85 90 95 

gac ggg gga att tgc etc gee aca aac aat ata acg atg aag aaa gac 336 
Asp Gly Gly lie Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 HO 

ggc age aac tgt ttt gtc tat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

• cct gee aat ggt cca gtt atg cag agg aag acc gtc aaa tgg gag cca 432 
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Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

tec act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

aac atg get ctg ttg ctt caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat ctt cga act gag ata aca age cat gac aag gat tac aac 624 
Phe Val Asp Leu Arg Thr Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get cat tee ggg ctg cca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 '220 

ctg gec aag taa 684 
Leu Ala Lys 
225 
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